Abstract. Every six years mutual eclipses and occultations occur among the Jovian system of satellites. Very accurate astrometric measurements and several physical characteristics of the surfaces can be infered from their observation. This paper is provide predictions of this type of events involving the fifth satellite J5 Amalthea, spanning from November 2002 to June 2003 and to urge astronomers to observe them. Only the predictions of the eclipses of Amalthea by Io are presented, when the distance between Amalthea-Io and Amalthea-Jutpiter is large enough for photometric purposes. A full list of phenomena is available on the server http://www.imcce.fr/Phemu03/phemu03 eng.html
Introduction
The next passage of the Earth and Sun through the Jovian equatorial plane will be the opportunity to observe mutual events when the Jovian satellites will eclipse and occult each other starting from the end of the year 2002. Usually, and since 1973, mutual event observations concern the Galilean moons since their photometric observation is easy to perform. The Amalthea case is very different because of the faintness of this moon, its magnitude at mean opposition being close to V = 14 (Nicholson 1991; Millis 1978) . Furthermore, the semimajor axis of its orbit being 2.5 Jovian radii, this satellite moves close to Jupiter which will have a mean visible magnitude V = −2.6 at opposition in February 2003. Nevertheless several methods, such as the observation in infrared bands or using coronographic methods, can give access to these photometric observations in some high altitude locations. Relative photometry is only necessary in order to acquire lightcurves from which positional circumstances and scaterring light parameters can be deduced. Aksnes & Franklin (1976) have previously recommended the observation of this type of event, but to our knowledge, no lightcurves could be obtained at this time. We hope that the improvement of detectors, and especially, the advent of CCD photometry and infrared observations will now allow success in these observations. One of our main goals is to obtain strong astrometric constraints for our dynamical model of Amalthea. Subsequently, this will allow us to improve the dynamical model of the three innermost satellites, whose motions are much less known, since their astrometric positions are generally relative to Amalthea.
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The dynamical model
We have recently developed a new numerical model of the five inner faint satellites of Jupiter, J5 Amalthea, J14 Thebe, J15 Adrastea, J16 Metis, and have used this to predict the phenomena. This model is founded on the Bulirsch et al. (1966) algorithm, including different effects such as the oblateness of the planet and the gravitational effects of the Galilean satellites. This model has been fitted to more than 87 positional observations for Amalthea spanning 1988 to 2000. The accuracy of the model has thus been estimated at 200 mas (i.e. 600 km at mean opposition). Compared to JPL ephemeris, our model has a standard deviation of 120 mas on the same period of time. Further information will be published later (Vachier, in preparation) . The mutual events presented here involve J5 Amalthea and the first Galilean satellite Io. The model of motion of Io is issued from the Sampson-Lieske theory (1977) of the Galilean satellites, adjusted by Arlot and labeled G-5 (1982) .
The predictions
We computed eclipses of J5 Amalthea by the Galileans moons from November 2002 to June 2003, since these events could give access to the best signal/noise ratio that geometric circumstances would allow, for an apparent distance of the eclipsing satellite which was large enough to measure photometric variation of Amalthea alone. The signal to detect during occultations, when both satellites are measured, is too faint. We iteratively calculated the first and last contacts of the eclipsed satellite with the umbra cone (when an eclipse is detected) and its minimum distance to the axis of this cone. The relative positions of the cone and the satellites are calculated by taking
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Article published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20021329 into account the aberration effects and the date of prediction includes the light-time delay. A large set of predictions has been obtained and will be made available on the web server that we have set up, dedicated to the international campaign PHEMU03 for the observation of the Galilean satellites' mutual events (http://www.bdl.fr/Phemu03/phemu03 eng.html).
In this paper we only give a selection of the most interesting phenomena, i.e. only the eclipses of J5 Amalthea by J1 Io, when elongation to Jupiter is large enough. This is why these predictions are given from November 17, 2002 to June 13, 2003, when the elongation of Jupiter to the Sun is greater than 50 degrees. During this period, all events are observable all around the world depending on the date of Letter to the Editor the event and the local circumstances of elevation above the horizon.
We give in Table 1 :
-the dates of the events in Julian day UT (Col. 1); -and in Gregorian date UT (Col. 2); -∆X and ∆Y, the differential coordinates of the satellite with respect to the center of Io (Cols. 3 and 4); -∆ Io , the apparent distance from Io (Col. 5); -∆ J , the apparent distance from Jupiter (Col. 6); -ρ, the apparent radius of Jupiter (Col. 7); -dt, the duration of the event in seconds of time, this value is 0. when it concerns close approaches and grazing phenomena (Col. 8); -dm, the minimal apparent distance from the center of the umbra cone (Col. 9); -dp, the minimal apparent distance for an event to take place (Col. 10) which corresponds to the sum of the apparent radius of the satellite and to the apparent radius of the section of the umbra cone.
According to the accuracy of our model and considering a mean radius of J5 Amalthea (120 km) instead of a triaxial model (125 km, 73 km, 64 km) (Thomas 1998), we include in this table only the phenomena or the grazing phenomena with dm − dp smaller than 0.23 arcsec.
Observing events
The aim of these observations is to provide lightcurves of the satellite Amalthea when it crosses the umbra cone of Io, related to an accurate timing in Universal time. It is very desirable to obtain large enough data samples of data during the immersion and during the emersion from the umbra cone. When the best CCD observations give 100 mas precision, it is interesting to give us a time base to obtain more precise observations. That is why, to efficiently observe these phenomena, we need to have an instrument powerful enough to obtain images with exposure and readout times with a minimal sampling of time that corresponds to 10 mas of accuracy in the orbit. According to Amalthea's radius (120 km), and calling v its tangential velocity when it enters in the umbra cone, and d the distance of the satellite from the Earth, we calculated the sampling of time e with:
For the December, 18, 2002 event, 1.4 s of time would be necessary since this corresponds to 38.4 km (10 mas) in the orbit accuracy, according to a tangential velocity of Amalthea of 26.49 km s −1 . These satellite configurations (Table 1) vary around this value of e and depend if the satellite is near its opposition. This is why we suggest to observers to acquire 1 images per second when Amalthea's flux is high enough. In this case, we have a precision on the position of the satellite, when it crosses the umbra cone of 6.89 mas. Of course, observations with a stronger time base remain interesting compared to CCD observations, and for one image every 7.25 s the precision is 50 mas. The best case is to be able to acquire one image every 0.14 s and the precision will be 1 mas.
Conclusions
During the periods of mutual eclipses and occultations of the Jovian satellites, which occur every six years, several mutual events involve the small inner satellites with a Galilean satellite. Due to the difficulty of observing such an event, no data have been obtained until now during previous campaigns. However, photometric observations of such events could give access to incomparably accurate astrometric measurements, useful for the dynamical modeling of these faint satellites. In this paper, we give a list concerning the most observable events of J5 Amalthea eclipsed by Io over the period November 2002 to June 2003. We hope that astronomers interested in these problems will join the international campaign that we have organized in order to succeed in these observations.
